Abstract The taxonomic status of the genus Acinetobacter is currently confused and the role of these organisms in activated sludge is poorly understood. Currently unidentified isolates of Acinetobacter from activated sludge were fingerprinted by making use of polymorphisms in their 16S-23S rDNA spacer region. The PCR amplified 16S-23S rDNA spacer region was digested with five different restriction enzymes to further differentiate between the isolates. The resulting band patterns were very diverse and the data suggests that the activated sludge isolates are different to the known genomic species of Acinetobacter which are predominantly clinical isolates. The results of this study imply the existence of yet unrecognised species of Acinetobacter in activated sludge.
Introduction
Members of the genus Acinetobacter are important nosocomial bacteria, increasingly held responsible for serious hospital infections. They are also commonly isolated from activated sludge systems (Beacham et al., 1990) , and were once considered as strong candidates for the polyphosphate accumulating bacteria (PAB) in EBPR systems (Bond and Rees, 1999) . Most of the taxonomic work with Acinetobacter has been carried out with clinical isolates, but is still confused, and despite the application of many molecular characterization techniques, reliable methods other than DNA:DNA hybridization (Bouvet and Grimont, 1986; Bouvet and Jena-Jean, 1989; Tjernburg and Ursing, 1989) for resolving its speciation are still unavailable. Comparatively little taxonomic work has been carried out with activated sludge isolates, and many of the phenotypic identification schemes developed for clinical isolates of Acinetobacter perform poorly when applied to them (e.g. Soddell et al., 1993) . If identifiable at all, many emerge as genomic species 5, 7 and 8/9 (Knight et al., 1993; Kim et al., 1997; Guardabassi et al., 1999) . It is important to clarify the systematics of these environmental acinetobacters, especially since the only 16S rRNA targeted probes for them have been designed using the sequence data from clinical isolates (Wagner et al., 1994) . If novel Acinetobacter spp. are found in this ecosystem then these probes are unlikely to be appropriate, and so we might need to reconsider the importance and relevance of members of this genus in activated sludge systems.
Of the many genomic fingerprinting methods available, the known polymorphisms within the sequences of the spacer region between the 16S and 23S rRNA genes were used (Gürtler and Stanisich, 1996) . This region is known to be highly variable in its length and sequence, and this variability has been exploited in successfully differentiating between closely related bacterial species, including clinical Acinetobacter spp. (Garcia-Arata et al., 1997) .
Materials and methods
The 93 strains used in this study included all the previously described genomic species and 69 isolates from several activated sludge systems in Australia. These environmental isolates were confirmed as belonging to the genus Acinetobacter using the transformation assay of Juni (1972) . Their 16S-23S-spacer region DNA was amplified by PCR using 2 universal primers recommended by Gürtler and Stanisich (1996) . The forward and reverse primer sequences are 5′ TTG TAC ACA CCG CCC GTC 3′ and 5′ GGT ACT TAGATG TTT CAG TTC 3′ respectively. These have been used successfully for other bacteria (Gurtler and Stanisich 1996) , and thus were selected for this study. The PCR product was digested with restriction endonucleases selected on the basis of polymorphisms found in the 16S-23S sequence data of the A. calcoaceticus-A. baumannii complex (Lagatolla et al., 1998) and shown in Table 1 . The digests were run on agarose gels and the software package Gel-Pro Analyzer was used to analyse the patterns obtained. Numerical taxonomic analysis of the restriction patterns was performed using the NTSYS-PC version 1.80. Cluster analysis of the numerical data was performed using the UPGMA algorithm and the results were presented as a dendrogram.
Results and discussion
The Mse I restriction patterns of the 24 strains of all the described genomic species of Acinetobacter are shown in Figure 1 . All patterns were different from one another with the E. Carr et al.
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Table 1 Restriction endonucleases used in this study
Restriction endonuclease
Enzyme cut sight exception of isolates 10095 and 10169 which are known to be the same genomic species, "between 1 and 3" as described by Gerner-Smidt and Tjernberg (1993) . The patterns of BG1-3 were also very similar to each other which is reflected in the dendrogram (Figure 3) . Many of the trends seen in the patterns obtained with this enzyme were also present with the patterns of products of digests for the other four enzymes. Figure 2 shows the restriction patterns with the enzyme Mse I for 10 environmental isolates. All patterns with the exception of 17A02 and 17A04 are different to each other. These two strains in fact showed identical patterns with all five of the enzymes and appear to be identical to one another. Most of the isolates in the study according to Figure 3 cluster at a value of 0.8 or higher which suggests that they all belong to the same genus. One cluster in particular seems to be E. Carr et al. Figure 3 Dendrogram of all isolates used in the study generated by the UPGMA algorithm quiet different from all the other isolates in the study. This group comprising strains C5, B2, A7, C2 and C1 were isolated from different EBPR plants and were isolated much later than most of the other strains used in the study. As with many of the clusters throughout the dendrogram there were no known genomic species contained within them, indicating that these environmental strains were quite different to the clinical isolates.
Conclusions
• Many of the environmental strains of Acinetobacter from activated sludge are clearly different to the known genomic species.
• The data strongly supports the suggestion that there may be many novel isolates of Acinetobacter from activated sludge that have not yet been described. • If this is the case then the current 16S probes used to quantify the numbers of Acinetobacter in activated sludge may not be useful for detecting the presence of these environmental strains, thus numbers of Acinetobacter in this niche may have been underestimated in the past.
